With the development of technology and society, the structure of bridge is gradually updated and scale is enlarged. The limitations of original bridge damage estimation models are gradually exposed, so it is necessary to rebuild the seismic damage model of bridges with new data. Among recent earthquakes, Wenchuan earthquake's high intensity, large influence scale and detailed damage survey report make it most suitable for establishing earthquake damage estimation model. Based on Zhu Meizhen's estimation method, this paper uses the national standard earthquake damage index, and bridge linear, fortification intensity and other parameters are also added and expanded in order to make the model integrated and accurate. So that valuable information can be provided to earthquake relief work and casualties and economic losses can be reduced.
INTRODUCTION
China is a country with high seismic risk. Over the past ten years, large and small earthquakes have occurred frequently, many of them are of magnitude 7 or above. Such as Lushan earthquake, Yushu earthquake, Wenchuan earthquake and so on. These earthquakes can cause different degrees of damage to all kinds of bridges, even severe disaster in some cases. After earthquake, the damage information can be obtained via field investigation [1] and disaster identification [2] . However, it often takes a large quantity of time to proceed. Therefore, it is important to reasonably predict the extent of damage to bridges during a possible earthquake, especially in remote areas. Usually, the damage directly affects traffic and rescue, in this case, if we can estimate the extent of damage in advance, we can quickly plan the rescue route and reduce the loss of life and property.
It is known that the bridge structure and the action of earthquake are very complex, besides, there are many factors that affect the damage, so it is difficult to estimate it accurately. For large or important bridges, often detailed structural information is easy to collect, so the extent of damage can be accurately estimated by finite element simulations [3] .But for most of the bridges, usually its structural information may not be complete, and the number of these bridges is large, this will lead to the huge or even impossible workload by finite element simulations. Therefore, an easy but considerably accurate method is needed. Statistical regression is an objective, convenient and accurate method to predict earthquake damage of bridges, and only historical earthquake damage data is needed. Japanese scholar Kobe and Katayama [4] [5] , Chinese scholars Zhou Shengen and Zhu Meizhen [6] have all conducted relevant studies. But with the development of society and economy, the structures, construction methods and materials of bridges are gradually updated, so it is necessary to adopt new classification statistical standards to predict the damage degree of bridges. In recent earthquakes, Wenchuan earthquake [7] [8] [9] [10] , which occurred in May 2008, made a great number of bridge damages, and the later data collection was comprehensive and complete, which made it the most suitable for evaluating the bridge damage degree. Based on the investigation of bridge damage after the earthquake in Gansu, Shaanxi and Sichuan, this paper uses nonlinear regression to build the seismic damage model. Compared with early methods such as Zhu Meizhen's method, new parameters such as geometric shape and fortification intensity are added and other parameters are extended in this method so it can meet the demand of the current seismic prediction of the bridges better. Finally, the influence factors of the parameters on the seismic damage of bridges are given and the accuracy of the above coefficients is verified. The results show that the influence coefficients are accurate and reliable.
SEISMIC DAMAGE ESTIMATION

Data Collection
After Wenchuan earthquake, relevant departments and research units composed a team to investigate the bridges in areas of Gansu, Shaanxi and Sichuan, and final survey report involved a total of 43 volumes. Most of these are girder bridges and arch bridges, and only a few are bridges of other structures. Survey report involved from Ⅵ degree area to Ⅺ degree area and contained more than 2000 bridges. They made detailed bridge information form for each one and damage pictures were also provided.
For the convenience of fitting the data, Excel was used to tabulate the data of bridges. In order to select the parameters logically, the information provided in the bridge table should be taken into consideration, and the factors influencing the damage of the bridge should also be considered. Because there are many differences between arch bridge and beam bridge, and the reaction in earthquake is also different, so it should be counted separately. Soil classification, structural form, bridge size and actual intensity are the most important factors affecting the earthquake damage, and its importance can be reflected in the research literature on earthquake damage of Zhu Meizhen and Guo Endong [11] , besides, bridge's geometric shape and its fortification intensity are also important. Curved bridge and skew bridge are prone to misplacement between the bridge beam body and the embankment in the earthquake action, which is evident in the report of the Wenchuan earthquake bridge survey. The fortification intensity is an indicator of the construction level and seismic performance of the bridge, which relates to the construction layout, local seismic component setting and other details. These factors cannot be divided in detail, but they affect a lot in seismic resistance performance.
Therefore, it is appropriate to add the geometric shape and the fortification intensity as the influencing factors of the damage of the bridge, and the calculation results of this paper also show that both of them have a significant influence on the seismic resistance of bridges.
Earthquake Damage Index
According to the description of the earthquake damage index in the Chinese Load-bearing and non-load-bearing components are intact, or individual bearing members are slightly damaged and can be used without repair.
0.00≤Y<0.10 Slight Damage
Visible cracks appear in individual load-bearing members, and the non-load-bearing members have obvious cracks that can be continued without repair or minor repairs.
0.10≤Y<0.30
Medium Damage
Most of the load-bearing components appear minor cracks, some obvious cracks, individual non-load-bearing components seriously damaged, need to be repaired before general use.
0.30≤Y<0.55 Serious Damage
Most of the load-bearing components are destroyed seriously, and the non-load-bearing members are partially collapsed and difficult to repair.
0.55≤Y<0.85
Destroy Most load-bearing components are severely damaged, the structures tend to collapse or fully collapse. It is hard to repair and usually need to be rebuilt.
0.85≤Y<1.00
Seismic Intensity Scale GB/T 1772-2008, we can divide the damage into fives cales. Researches show the structure of the bridge and the structure of the house have similar properties, they can be divided into bearing parts and filling parts, so the characteristics of damage to the houses can also be used for reference of describing the bridge. There are many similarities such as the description of the fissure, structure, repair condition and so on. Therefore, referring to the earthquake damage index of the house, we define the following bridge damage index (see table Ⅰ).Compared with the earthquake damage index defined in Zhu Meizhen's and Guo Endong's methods, this paper defines a more intuitive criterion for the earthquake damage index.
Regression Method
Regression can be divided into two categories: linear and nonlinear. Linear regression is simpler, but combined with the actual situation and historical experience, the damage of the bridge does not meet the characteristics of linear regression in addition to each factor, and is closer to the non-linear regression characteristic of each factor multiplication. Therefore, the damage of the bridge is regarded as the result of the multiplication of each factor, that is:
The Y represents the bridge damage index, and its meaning are shown in table Ⅰ; c means constant coefficients, a represents the regression coefficient of minor class j from the major class i, which are in the classification of table Ⅱ and Ⅲ; x means the parameter values of minor class j from the major class i of bridge, if the bridge corresponds to the classification and a 1, otherwise a 0.
This nonlinear regression can be converted to linear regression by using logarithmic method, that is: 
In this way, linear regression can be used for analysis. Exponent is adopted 
The coefficients of each variable in the original regression equation can be obtained.
Accuracy Analysis
In order to analyze the accuracy of the regression results, we can take the parameters into the original bridge data to calculate the theoretical damage degree and compare it with the actual damage degree. Table Ⅳ and table Ⅴ show the calculation results and accuracy analysis of girder bridge and arch bridge. It can be seen from the results that the fitting degree of the arch bridge is slightly worse than that of the girder bridge, then the analysis of the investigation report on the earthquake damage is that the average construction date of arch bridge is earlier than girder bridge. Besides, uncertain factors such as construction techniques, material properties, overloading and natural disasters are also affect a lot. Survey shows arch bridges are often built in mountainous areas while girder bridges are not. All of these factors will affect the accuracy of the arch bridge estimation. 
CONCLUSIONS
Compared with the theoretical distribution interval of seismic damage index, the actual value is close enough to indicate that this bridge seismic damage estimation model is accurate. It can be seen from the accuracy distribution table(see table Ⅵ) that the prediction results of most bridges are in line with the actual results, and there are only a few bridges that its result differ greatly from the actual ones. Seen from a statistical point of view, this result is consistent with the regular distribution of statistical error, and its accuracy is higher than that of Zhu Meizhen's methods, so the model is accurate enough to be used to the reality. 
